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Abstract—In this paper, we propose a novel adaptive car-
rier sense multiple access scheme with collision avoidance
(CSMA/CA) to perform efficient and reliable data transfer with
increased throughput across multiple coexisting wireless body
area networks (BANs) in a tiered architecture. We investigate
the proposed scheme using two distributed cross-layer optimized
dynamic routing techniques, i.e., shortest path routing (SPR)
and cooperative multi-path routing (CMR). The channel state
information from the physical layer is passed on to the network
layer using an adaptive cross-layer carrier sensing mechanism
between the physical and MAC layer, which adjusts the carrier
sense threshold (e.g., RSSI) periodically based on the slowly-
varying channel condition. An open-access experimental dataset
of ‘everyday’ mixed-activities is used for analyzing the cross-
layer optimization. Our proposed optimization using adaptive
carrier sensing performs better than static carrier sensing with
CSMA/CA as it reduces the continuous back-off duration and
latency as well as significantly increases the throughput (in
successful packets/s) by more than 50%. Adaptive CSMA/CA
also shows 20% and 6% improvement over a coordinated TDMA
approach with higher duty cycle for throughput and spectral
efficiency, respectively, and provides acceptable packet delivery
ratio and outage probability with respect to SINR.
I. INTRODUCTION
Wireless Body Area Networks (BANs) are an exciting
networking technology for body-centric wireless commu-
nications, where low power, short-range micro and nano-
technology sensors/actuators are placed on, in, around or/and
near the human body to monitor physiological signals. Aside
from having a diverse range of applications, these networks
are principally focused on advanced healthcare management,
specifically in medical rehabilitation, diagnosis and monitoring
patients. When multiple closely-located BANs coexist, the
potential inter-network communication and cooperation across
BANs leads to the implementation of wireless body-to-body
networks (BBNs) [1]. The main motivation behind BBNs is
to make use of body-to-body communication to overcome the
problems of coexistence and general performance degradation
for closely located BANs. This type of network could provide
cost-effective solutions for remote monitoring of a group of
patients in emergency incidents, for instance, by relaying phys-
iological data from body-to-body up to the access point of the
medical server in case of out-of-range network infrastructure.
The notion of BBN is more dynamic and potentially large-
scale, where each BAN can join and/or leave the network
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seamlessly, without the need for any centralized infrastructure.
Besides, due to the highly mobile nature of BANs, it is
generally not feasible to assign a central coordinator among
BANs to maintain coexistence [2].
Along with some centralized multiple access mechanisms
[2]–[4] for radio interference mitigation in coexisting BANs,
few recent works [5]–[7] consider carrier sense multiple access
with collision avoidance (CSMA/CA) techniques to deal with
network dynamics and mobility of BANs. A MAC protocol
with two-layer interference mitigation (2L-MAC) is proposed
in [6], where carrier sensing and polling frames are used to
reduce inter-BAN and intra-BAN interference, respectively. To
make the approach in [6] more flexible, the authors in [7]
proposed an adaptive CSMA/CA MAC protocol for BANs at
the coordinator level, which adjusts the polling period/MAC
frame length according to the interference level. However, all
of this recent work with CSMA/CA only focuses on intra-BAN
transmissions when considering inter-BAN interference.
A back-off-tuning algorithm for CSMA/CA was proposed
in [8] for the IEEE 802.11 Standard to increase the successful
transmissions by controlling the back-off counter, which does
not consider the effect of latency and packet failure rate
on the channel. In [9], the authors used adaptive distance-
based transmit power control with CSMA/CA to increase
throughput which is not suitable for power-constrained body
area networks. In recent work [10], the authors proposed
an adaptive CSMA/CA mechanism considering the IEEE
802.11 Standard (WiFi networks) for cumulative-interference-
power carrier-sensing (CPCS) and pairwise-distance based
incremental-power carrier-sensing (IPCS), where the carrier
sense thresholds are adjusted instantly based on the dynamic
feedback of nearby transmissions, with respect to the detected
level of hidden nodes and exposed nodes. Yet, this approach
consumes more energy due to a frequent change of the carrier
sensing threshold, which is not efficient for slowly-varying
and extremely resource-constrained networks like BANs that
have more stringent requirements than other standards subject
to transmit power, mobility and topological changes [4].
In this paper, we propose an adaptive cross-layer CSMA/CA
scheme with maximum-interference-power carrier-sensing
(MPCS) to enable efficient communication amongst multiple
coexisting BANs, adjusting the carrier sense threshold based
on the slowly-varying channel conditions with an adequate
periodic time-stamping, to obtain a suitable trade-off between
the amount of interference, throughput, latency and energy
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consumption of CSMA/CA channels. We analyze the perfor-
mance of the proposed adaptive CSMA/CA by performing
decentralized cross-layer optimization across the physical,
MAC and network layers for two-tiered communications, with
on-body BANs at the lower tier and a BBN at the upper tier.
The analysis is applied to an open-access radio measurement
dataset provided in [11] (captured using NICTA† developed
wearable channel sounders/radios), recorded from ‘everyday’
mixed-activities and a range of measurement scenarios with
people wearing radios. From the implementation of the pro-
posed adaptive CSMA/CA with the experimental measure-
ments used in this paper, we demonstrate the following:
• With the proposed adaptive carrier sensing, the percent-
age of longer (greater than 3 s) continuous back-off
duration is trivial (0%), whereas with static threshold
(e.g., −95 dBm), the channel can remain continuously
in back-off for very long period (more than 1000 s) with
6% of the total time.
• The average continuous back-off duration of the
CSMA/CA channels with the proposed adaptive carrier
sensing mechanism is 237 ms, whereas it can goes up to
11 s on average with a static carrier sensing threshold of
−95 dBm.
• The proposed adaptive mechanism can provide more than
50% improvement over static carrier sensing, in terms of
throughput (successful packets/s) and packet arrival rate.
• Even though static carrier sensing provides better outage
probability with respect to signal-to-interference-plus-
noise-ratio (SINR) as it is strict towards avoiding larger
interference levels, it suffers from decreased throughput
and increased latency.
• Adaptive CSMA/CA provides up to 20% and 30% im-
provement over TDMA (with a higher duty cycle of
8.3%), in terms of average throughput (successful pack-
ets/s) and packet arrival rate, respectively.
• For spectral efficiency, adaptive CSMA/CA provides up
to 6% improvement over TDMA with 8.3% duty cycle.
The rest of this paper is organized as follows: Section II
presents the system model and the experimental scenario. In
Section III, the proposed adaptive carrier sensing mechanism
is described along with a brief demonstration of the applied
routing techniques. The performance of adaptive CSMA/CA
is analyzed and compared with static CSMA/CA and TDMA
in Section IV. Finally, concluding remarks are provided in
Section V.
II. SYSTEM MODEL
In this work, 10 co-located mobile BANs (people with fitted
wearable radios) deployed for experimental measurements are
considered in a decentralized two tiered architecture, where the
hubs of the BANs are deployed in a mesh topology in the up-
per tier (for inter-BAN/BBN communication) and the on-body
sensors/relays of the corresponding BANs are deployed in the
lower-tier (for intra-BAN communication). It can be portrayed
as a hybrid mesh architecture where BANs (hubs/gateways)
are performing as both clients and routers/relays, which will
enable flexible and fast deployment of BANs to provide greater
H1
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Tier-2 network (mesh)
BBN communicat
ion
Hub
Tier-1 BAN
(On-Body
communication)
Tier-1 BAN
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Fig. 1. Two tiered architecture with 4 colocated BANs; Hub on the left-hip
and two sensors/relays on the left-wrist and right-upper-arm, respectively.
radio coverage, scalability and mobility. An illustration of the
two tiered architecture with 4 coexisting BANs (with fitted on-
body hubs and sensors) is given in Fig.1. Dynamic routing
is performed at the network layer in a cross-layered approach
using the authors proposed routing techniques, i.e., SPR and
CMR [12], that utilize and interact with the physical layer.
Therefore, changes in channel states detected at the physical
layer are passed on to the network layer, so routes with the
most favorable channel conditions are chosen.
A. Experimental scenario
The open-access dataset used in our analysis, consists of
continuous extensive intra-BAN (on-body) and inter-BAN
(body-to-body) channel gain data of around 45 minutes, cap-
tured from 10 closely located mobile subjects (adult male
and female). We consider 10 mobile people as a reasonable
amount for BAN coexistence experimentation, due to the
dramatic impact caused by the slowly-varying human-body
dynamics and shadowing by body-parts, both on the on-
body and inter-body channels [13]. Also this is an acceptable
amount of coexisting BANs to be supported by the physical
layer according to the IEEE 802.15.6 Standard [14].
The experimented subjects were walking together to a hotel
bar, sitting there for a while and then walking back to the
office. Each subject wore 1 transmitter (hub) on the left-hip
and 2 receivers (sensors/relays) on the left-wrist and right-
upper-arm, respectively. The radios were transmitting at 0
dBm transmit power with −100 dBm receive sensitivity. A
description of these wearable radios and hardware platform
can be found in [15] and the experimental dataset can be
downloaded from [11]. Each transmitter transmits in a round-
robin fashion, at 2.36 GHz, with 5 ms separation between
each other. Hence, each transmitter is transmitting in every 50
ms (with a sampling rate of 20 Hz) to all 9 other subject’s
receivers as well as their own receivers (all small body-worn
radios/hubs/sensors), along with capturing the RSSI (Receive
Signal Strength Indicator) values in dBm1, which gives a
total of 300 channel measurements (including both on-body
1Any received signal strength below −100 dBm, resulting in incorrectly
decoded packets in experiment, is set at −101 dBm in analysis
and body-to-body links) in real-time over the whole network
during the measurement period. The samples of given links
are concatenated contiguously over each 600 ms timestamp
period. Due to the reciprocity property, the channel from any
Tx (transmitter) at position a to Rx (receiver) at position b
is similar for Tx at b to Rx at a [15], thus transmitters and
receivers can be considered interchangeably.
III. PROPOSED ADAPTIVE CARRIER SENSING MECHANISM
Adaptive CSMA/CA with maximum-interference-power
carrier-sensing (MPCS) is employed as the co-channel access
scheme across (inter-BAN/coordinator level) and within (intra-
BAN/sensor level) all BANs to enable co-channel interference
mitigation without global coordination. For effective dynamic
estimation of the channel, continuous time-stamping is used in
each 600 ms which is reasonable, given the longer coherence
times of 500 ms (up to 1 s) for ‘everyday’ activities of nar-
rowband on-body BAN channels [16], and for body-to-body
channels used here where we have calculated the coherence
time to be 900 ms (with autocorrelation coefficient of 0.7).
Whenever a node is ready to transmit data, it checks
the availability of the channel by measuring the maximum
interference power from the potential interference caused by
the surrounding nodes that are trying to access the channel at
the same time. For a given time instant τ of ith timestamp
(τi), the transmission of a given link (signal-of-interest from
source to destination) is permitted by the simple carrier sensing
mechanism with collision avoidance by MPCS, if
max(η) < csthi (1)
where η =
(
ptx |hintk,d(τi)|2
)
, k = 1, . . . , n
where ptx is the transmit power, |hintk,d(τi)| is the interfering
channel gain from the kth interfering BAN to the destination
d at time instant τ of ith timestamp, n is the number of
interfering BANs and csthi is the adaptive carrier sense
threshold (e.g., RSSI) in ith timestamp. If the condition in
(1) is not fulfilled, the node defers its transmission for a back-
off period (still sensing the medium) until it finds the channel
available for transmission. When the channel is found available
by the node, it waits for a short inter-frame space period
(TSIFS) and then transmits the data. If an acknowledgement
(ACK) is not received by the node, it implies a failure has
occurred and the node tries to retransmit the data with the
same procedure.
We apply adaptive carrier sensing to reduce the longer back-
off period, hence improving throughput and end-to-end delay
of the overall network. The channel conditions (e.g., back-
off percentage, ill-conditioned periods of incorrectly decoded
packets) of each timestamp are used as an approximation of
the channel conditions of the next timestamp:
Xi+1 ≈ Xi, i ≥ 1 (2)
where for timestamp i, the channel condition of the next
timestamp Xi+1 can be estimated from the current channel
condition Xi. This estimation is a systematic approach for
dynamic prediction of the inter-BAN channels given the longer
coherence time of around 900 ms and the timestamp period
(600 ms) used in this work. In our proposed method, if the
Algorithm 1 Estimating Adaptive Carrier Sense Threshold
1: CSthi ← carrier sense threshold for the ith timestamp
2: TSi ← outcome of CSMA/CA for the ith timestamp
3: BOPi ← estimate back-off percentage of TSi
4: ICPi ← estimate the percentage of ill-conditioned
5: period of TSi
6: if BOPi >= 50% then
7: CSthi+1 ← CSthi + 1
8: else
9: if BOPi < 50% & ICPi > 50% then
10: CSthi+1 ← CSthi − 1
11: else
12: CSthi+1 ← CSthi
13: end if
14: end if
probability of back-off period is higher than 50%, the carrier-
sense threshold is adjusted to permit more transmissions, de-
spite the amount of interference, to reduce continuous latency.
Additionally, if the probability of transmitting incorrectly de-
coded packets is higher than 50% even though having a lower
back-off duration, the threshold is adjusted to decrease the
amount of interference to reduce packet failure rate. This way
there is a suitable trade-off between the latency, throughput
and amount of interference of the CSMA/CA channels. The
RSSI threshold for the first timestamp is predicted to be −90
dBm from an estimated median of typical on-body and inter-
body RSSI measurements. The dynamic setting of the carrier-
sense threshold is described in Algorithm 1.
We use two cross-layer optimized dynamic routing tech-
niques (proposed in [12]) to analyze the performance of
adaptive CSMA/CA, which are implemented based on the
Open Shortest Path First (OSPF) protocol using Dijkstra’s
algorithm. The routing table is updated in each timestamp and
data is routed dynamically across the chosen path, determined
based on the channel state information (i.e., ETX, hop count)
of the previous timestamp. The routes for the first timestamp
are estimated with a randomly selected value (≥ 1 and < 8)
for each link, based on the defined routing metric, i.e., ETX.
1) Dynamic Shortest path routing: In our proposed method
for shortest path routing, we used two different routing met-
rics: Expected Transmission Count (ETX) and hop count. The
ETX metric can be calculated as follows:
ETX = (1−Op)−1 (3)
where Op is the outage probability. We chose an optimal path
with lowest cost possible by combining these two metrics
(ETX + Hop count) with a restriction to two hop counts, pro-
viding a trade-off between reliability and energy consumption.
2) Dynamic Cooperative multi-path routing: We use a
novel Cooperative Multi-path Routing (CMR) scheme that
we proposed and described in [12], which uses multiple
routes between source and destination and employs 3-branch
selection combining (SC) within individual route paths. This
method incorporates shortest path routing (SPR) and improves
the performance of SPR by exploiting the benefits of multi-
path diversity and shared resources [17]. The process for CMR
is summarized in Algorithm 2.
Algorithm 2 Estimating output of CMR, incorporating SPR
(with ETX + max. 2 hops count)
1: {S,D} ← {Source node, Destination node}
2: function FINDSHORTESTPATH(S,D)
3: Petx ← ETX values of all possible paths from S to D
4: [i, j]← [1, size of Petx]
5: while i 6= j do
6: temp← Find min (Petx)
7: if hop count(temp) = 2 then
8: S to D ← Path(temp)
9: else
10: Petx ← Petx − temp
11: temp← Find min (Petx)
12: j ← j − 1
13: end if
14: i← i+ 1
15: end while
16: if S to D is empty then
17: S to D ← direct path
18: end if
19: return S to D
20: end function
21: P1 ← FindShortestPath(S,D)
22: P2 ← FindShortestPath(S, D) /∈ P1
23: for i← 1, 2 do
24: P1 RHi ← selection combining(route hopi)
25: end for
26: Comb P1 ← min(P1 RH1, P1 RH2)
27: Comb P2 ← Repeat steps 24 to 27 for P2
28: Output CMR← max(Comb P1, Comb P2)
IV. PERFORMANCE ANALYSIS
In this section, we discuss and compare the results found
from adaptive CSMA/CA applied on SPR and CMR tech-
niques with the experimental measurements. We compare the
performance of applying static and adaptive carrier sens-
ing thresholds for CSMA/CA in case of continuous back-
off duration and throughput (successful packets/s) vs. packet
arrival rate and outage probability with respect to SINR.
We also provide a performance comparison between adaptive
CSMA/CA and coordinated TDMA in terms of throughput vs.
packet arrival rate, packet delivery ratio and spectral efficiency.
The applied parameters for the performance analysis are listed
in Table I.
TABLE I
APPLIED PARAMETERS
Parameter Value
Bandwidth (B) 1 MHz
Carrier Frequency 2.36 GHz
Data rate 486 kbps
Packet size (`) 273 bits
TSIFS 50 µs
Packet transmission time (Tpacket) 0.6 ms
TACK 0.2 ms
Transmit power (ptx) 0 dBm
Total time (T ) 45 mins
Continuous backoff duration (s)
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Fig. 2. Percentage of continuous back-off duration of CSMA/CA links with
an adaptive carrier sense threshold (CSth) and different static carrier sense
thresholds (CSth), at transmit power 0 dBm, with 10 coexisting BANs.
A. Continuous Back-off Duration
Since the continuous back-off duration is a key contributor
to latency, this duration is an important performance metric
for CSMA/CA channels. The continuous back-off durations
of the CSMA/CA channels for body-to-body communications
with different static carrier sense thresholds and an adaptive
threshold, applied according to Algorithm 1, are shown in Fig.
2. It is demonstrated that apart from having a higher percentage
of shorter continuous back-off duration, using an adaptive
carrier sense threshold yields a negligible (0%) occurrence of
longer (greater than 3 s) back-off duration, whereas there is a
higher percentage of longer continuous back-off duration with
static carrier sense thresholds. According to the IEEE 802.15.6
BAN Standard guidelines, latency should be less than 125 ms
in medical applications and less than 250 ms in non-medical
applications [14]. With the adaptive technique, the estimated
average continuous back-off duration over the total time is
237 ms (< 250 ms). Also, the highest percentage (more than
7% of the measured time) in Fig. 2 is for continuous back-off
duration of 100 ms (< 125 ms) with this approach. On the
other hand, with a static threshold of −95 dBm, channels can
remain continuously in back-off over more than 1000 s, almost
6% of the time, and more importantly, the average continuous
back-off duration within this threshold is up to 11 s, which is
very large for delay-constrained networks like BANs.
B. Throughput (Successful Packets/s) vs. Packet Arrival Rate
The average throughput (in terms of successful packets per-
second) vs. the average packet arrival rate is shown in Fig. 3.
It can be seen that the proposed adaptive CSMA/CA achieves
the best result in terms of both throughput and packet arrival
rate. Notably, with a higher static carrier sense threshold of
−86 dBm the throughput is significantly lower with respect to
packet arrival rate which indicates that, although more packets
can be transmitted with a higher threshold (as it permits a
higher interference level), the overall performance will degrade
because of possibly lower SINR of the signal-of-interest. In
Fig. 3, we also compare the CSMA/CA approach with a
coordinated TDMA approach from [12], where the same setup
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Fig. 3. Average throughput (successful packets/s) vs. packet arrival rate over
10 coexisting BANs for SPR and CMR (associated with CSMA/CA), with
adaptive/static carrier sense thresholds (CSth) and TDMA with 8.3% duty
cycle (dc). Transmit power 0 dBm and receiver sensitivity −90 dBm
is used with 4 coordinated BANs receiving interference from
6 non-coordinated nearby BANs. It is shown that adaptive
CSMA/CA provides up to 20% and 30% improvement over
TDMA (with a higher duty cycle of 8.3%), in terms of average
throughput and packet arrival rate, respectively.
C. Outage Probability with respect to SINR
The outage probability with respect to SINR threshold can
be expressed as,
Pout = Prob
(
γs < γth
)
(4)
where Pout is the probability of received SINR, γs, being less
than a given threshold value γth. The signal-to-interference-
plus-noise ratio (SINR) for any given link/branch is measured
as follows:
γs(τ) =
ptx |hs,d(τ)|2
n∑
i=1
(
ptx |hinti,d(τ)|2
)
+ |ν(τ)|2
(5)
where γs(τ) is the measured SINR value of a signal s at time
instant τ , ptx is the transmit power, n is the number of interfer-
ing nodes, |hs,d| and |hinti,d| are the average channel gains
across the time instant of the signal-of-interest and the ith
interfering signal, respectively. |ν| represents the instantaneous
noise level at the destination node. The received noise power is
set at −100 dBm. The averaged outage probability with respect
to SINR thresholds found from SPR and CMR with adaptive
and static (−86 dBm) carrier sensing CSMA/CA scheme
applied over 10 coexisting BANs is shown in Fig. 4. It is
demonstrated that, the use of a static threshold (i.e., −86 dBm)
in CSMA/CA improves the outage probability with respect to
SINR as it constantly avoids a significant interference level,
although resulting in a longer back-off period (Fig. 2) and
throughput degradation (Fig. 3).
D. Packet Delivery Ratio (PDR)
The averaged packet delivery ratio (PDR) with respect
to different receive sensitivities for the given scheme with
adaptive CSMA/CA and TDMA approach is presented in
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Fig. 4. Average outage probability with respect to SINR thresholds for
SPR and CMR (associated with CSMA/CA), with different routing metrics
(e.g., only ETX, ETX + max. 2 hops) for 10 coexisting decentralized BANs;
Subscript a and s refers to adaptive and static carrier sensing, respectively.
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Fig. 5. Average packet delivery ratio with respect to different receive
sensitivities for SPR and CMR (associated with adaptive CSMA/CA and 8.3%
duty cycle TDMA), with different routing metrics (e.g., only ETX, ETX +
max. 2 hops) for 10 coexisting BANs; Transmit power 0 dBm
Fig. 5. It is shown that adaptive CSMA/CA yields better
performance than a higher duty cycle TDMA. With a packet
delivery ratio of 90% (or packet error rate (PER) of 10%,
as PER = 1 − PDR), the SPR with adaptive CSMA/CA
provides 4 dB improvement over SPR with TDMA. It can
also be seen that CMR gives more than 50% (up to 65%)
performance improvement over SPR with adaptive CSMA/CA,
at −88 dBm receive sensitivity. Additionally, the best-case (at
−100 dBm receive sensitivity) PDR for SPR and CMR is
almost 100% which is equivalent to a negligible PER (thus
significantly surpassing the IEEE 802.15.6 BAN Standard
requirement of PER being less than 10%).
E. Spectral Efficiency
The spectral efficiency (ζ) over BANs across which routing
occurs is estimated as follows:
ζ =
Θ× nc
B
(6)
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Fig. 6. Average spectral efficiency for 10 coexisting BANs with respect
to different receive sensitivities for SPR and CMR (associated with adaptive
CSMA/CA and 8.3% duty cycle TDMA), with different routing metrics (e.g.,
only ETX, ETX + max. 2 hops), at transmit power 0 dBm
where nc is the number of actively routed BAN channels and
B is the bandwidth. The aggregated throughput can be defined
as (Θ × nc), where the single channel throughput Θ can be
measured as follows:
Θ =
Psucc × `
T
(7)
where Psucc is the number of successfully delivered packets
over the total time T and ` is the length of the packet. The
bandwidth and packet size can be found from Table I, which
are chosen in accordance with the IEEE 802.15.6 Standard
for narrowband communications [14]. The average spectral
efficiency of the overall network with respect to different
receive sensitivities for adaptive CSMA/CA and higher (8.3%)
duty cycle TDMA are presented in Fig. 6. It can be seen that,
adaptive CSMA/CA shows improvement over TDMA while
contributing up to 6% performance improvement over higher
duty cycle TDMA at best-case scenario (at −100 dBm receive
sensitivity). Even though, the adaptive CSMA/CA with SPR
(ETX + max. 2 hops) technique suffers from lower spectral
efficiency because of the hop restriction, it shows improvement
when performing SPR without any hop restriction due to the
increased number of transmissions with longer paths.
V. CONCLUSION
We have proposed a simplified adaptive cross-layer carrier
sensing mechanism for CSMA/CA in case of the coexistence
of multiple wireless body area networks (BANs), which shows
more than 50% gain over static carrier sensing, in terms of
throughput (successful packets/s) vs. packet arrival rate, as
well as providing improved latency. We have also compared
the performance of adaptive CSMA/CA with a coordinated
TDMA approach by performing cross-layer optimized dy-
namic routing (i.e., shortest path routing, SPR, and cooperative
multi-path routing, CMR), validated by experimental mea-
surements. It is shown that adaptive CSMA/CA yields better
performance than TDMA while providing up to 4 dB, 20%
and 6% improvement over higher (8.3%) duty cycle TDMA
in terms of PDR, throughput and spectral efficiency, respec-
tively. The demonstrated feasibility of our method motivates
its deployment in large-scale and highly-connected medical
and non-medical applications. Planned future work includes
applying Markov models for channel prediction, as well as
combining adaptive TDMA and CSMA/CA to further improve
BAN coexistence with higher throughput.
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